We describe a novel, rapid, and safe method for extracting RNA and DNA from refractory microbes, which avoids the use of phenol or chloroform. It has been used successfully to isolate high-quality nucleic acids from pure cultures and environmental populations known to resist widely used extraction protocols.
1 to 3 min. The optimal beating time is chosen based on the yield and integrity of nucleic acids as assessed by their appearance on agarose electrophoresis gels (Fig. 1) . A time of 3 min was selected here for activated sludge samples based on successful isolation and PCR of DNA from cluster II Defluviicoccus organisms. Samples are centrifuged (14,000 ϫ g for 5 min at 4°C) to remove cell debris, and supernatants carefully transferred to new 1.5-ml microcentrifuge tubes containing 0.6 volume of 2-propanol. After being mixed, the samples are incubated on ice (20 min) to precipitate nucleic acids. The tubes are centrifuged for 20 min at 14,000 ϫ g, the supernatants removed, and the pellets washed two times with 70% ethanol, air dried for 10 min, and resuspended in 40 l of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0).
This method isolated DNA and RNA simultaneously from a range of gram-negative and -positive bacteria, including Escherichia coli, Pseudomonas aeruginosa, Micrococcus luteus, Bacillus subtilis, Mycobacterium phlei, and Mycobacterium smegmatis, the latter two being recalcitrant acid-fast organisms. Bead beating was essential for gram-positive strains but proved to be optional for gram-negative strains (Fig. 1 ). Some DNA pellets were gelatinous, resulting possibly from high levels of polymeric material present in some biomasses (13) . Our attempts to avoid this by modifying the precipitation protocol proved unsuccessful. However, gelatinous material could be removed by resuspending the nucleic acids (20 min at 37°C or 4°C overnight), centrifuging for 30 s, and transferring the supernatants to fresh tubes.
This method was also tested on complex samples from four phosphorus-removing activated-sludge plants (two laboratory scale and two full scale). Initial difficulties were encountered in disrupting the large flocs present due to foaming during the bead beating step. This was overcome by incorporating a silicone-based antifoam (1.67% [vol/vol]) (product no. 1520-US; Dow Corning) in the lysis buffer. Nucleic acids isolated by this method proved sufficiently free of inhibitory substances for successful performance of PCR, reverse transcription-PCR, real-time PCR, and restriction digestion (data not shown). When samples were incubated for 2 h at 37°C in 1ϫ EcoRI restriction enzyme buffer (Roche, Basel, Switzerland), no DNase activity was detected (data not shown). Furthermore, a comparison of the results of our method with those of eight different published methods and kits developed for difficult environmental samples showed equal or better DNA and RNA yields (S. McIlroy, K. Porter, S. Schroeder, R. J. Seviour, and D. Tillett, unpublished data).
Real-time PCR data (McIlroy et al., unpublished) confirmed that this protocol extracted DNA from "Candidatus Accumulibacter phosphatis" and Defluviicoccus-related organisms, both of which can form heavily capsulated clustered cells. Their RNA has been difficult to recover in 16S rRNA gene clone libraries (1, 12) . Semiquantitative fluorescence in situ hybridization analyses of these populations (6) gave data that corresponded well with data obtained by quantitative PCR, suggesting that our method does not introduce significant extraction bias. Real-time PCR results for Defluviicoccus-related organisms were 11.4% Ϯ 2.8% (mean Ϯ standard error) of total 16S rRNA genes and for "Candidatus Accumulibacter phosphatis" were 66.3% Ϯ 14.4%. The universal primers used were 1492R and 1369F (10); the primers for Defluviicoccus were 518F (14) and DEF1020R (12) ; and the primers for "Candidatus Accumulibacter" were PAO462F and PAO651R (5) . Semiquantitative fluorescence in situ hybridization results for Defluviicoccus-related organisms showed that 4.1% Ϯ 0.6% of the total biovolume hybridizing with the EUBmix probes (5a) also hybridized with the DF1020 probe (12) and that 67.7% Ϯ 3.0% hybridized with the PAOmix probes designed to target "Candidatus Accumulibacter phosphatis" (5, 19) . Furthermore, comparisons with a range of phenol-based extraction methods (3, 4, 7, 11) with activated-sludge samples showed that our method was equal to or better than these as assessed by PCR targeting the same problematic populations (McIlroy et al., unpublished). Increased safety and a reduced number of pipetting steps make the method suitable for high-throughput analysis. Consequently, it should prove valuable in molecular microbial ecology where current extraction protocols can fail to recover sequences from recalcitrant populations in clone libraries (1, 9, 12, 16) .
